It is impossible to cover all the highlights of the 44th Annual Meeting of the Society for the Study of Reproduction, which took place the first week of August in Portland. The meeting spanned the gamut from research into the intricate puzzle of genomic imprinting to the expanding influence of microRNAs on all facets of reproduction. To provide a snapshot of the meeting, we are highlighting the winners of the Trainee Research Awards, which recognize outstanding talks and presentations by graduate students and postdoctoral trainees.
The day after the meeting, Cell published a study on the production of germ cells in a dish that gave rise to normal sperm. We also highlight that paper below.
Winners at the SSR Meeting
Platform talks, first prize: MicroRNAs 221/222 Regulate the Maintenance of Spermatogonial Stem Cells by Suppressing Transition to Differentiating Spermatogonia. Karen E. Racicot, Amy V. Kaucher, Jon M. Oatley. Penn State University, State College, Pennsylvania (Abstract 4). The transition from undifferentiated to differentiated spermatogonia is known to require retinoic acid, which turns on the KIT receptor. isolate mouse PM cells and find that in response to testosterone, these cells release factors that maintain the niche, namely glial cell-derived neurotrophic factor (GDNF), leukemia inhibitory factor (LIF), and colonystimulating factor (CSF). Sertoli cells seem to keep the production of these factors from PM cells in check.
Poster, third prize: GATA4 Autoregulates Its Own Expression in Gonadal Cells via Its Distal 1b Promoter. Bruno Prud'homme, Severine Mazaud Guittot, Hiroaki Taniguchi, Caroline Daems, Marie France Bouchard, Sergei G. Tevosian, and Robert S. Viger. Laval University, Quebec City, Quebec, Canada, and Dartmouth Medical School, Hanover, New Hampshire (Abstract 403). The transcription factor GATA4 is required for the development and function of multiple tissues, including the gonads in both sexes. The GATA4 gene is expressed as different transcripts, suggesting that differential promoter usage is key to the regulation of this factor. Prud'homme et al. report that a Gata4 transcript variant, the Gata4 1b transcript, is expressed in gonadal cells and is autoregulated by GATA4 protein, which binds at the level of the Gata4 1b promoter.
Germ Cells Germinate in a Dish
Researchers have generated primordial germ cells in a culture dish from mouse embryonic stem cells (ESCs) and shown that those cells can make functional sperm when transplanted into the testes of infertile mice. The sperm were used to fertilize eggs and produce normal, fertile offspring.
The procedure was also applied to induced pluripotent stem cells (iPSCs) and produced live young, although not all offspring were healthy.
Previous studies have shown that sperm and eggs can be derived from embryonic stem cells, but the techniques used suffered from drawbacks; most significantly, they had not resulted in healthy offspring. Hayashi et al. took the approach of first generating epiblast-like cells from ESCs or iPSCs. These epiblast-like cells are very similar to pregastrulating epiblasts, the pluripotent cells from which primordial germ cells (PGCs) arise during early embryonic development. The researchers optimized serum-free culture conditions for generating the epiblast-like cells, coming up with the correct mixture cytokines, such as ACTIVINA and FGF2 (bFGF, fibroblast growth factor).
The researchers cultured these epiblast-like cells with BMP4, a factor known to induce PGCs in vivo, and turned them into cells that looked and acted like PGCs. These cultured PGCs had transcriptional and epigenetic profiles that paralleled those of PGCs in vivo. And they could be transplanted into infertile males to yield functional sperm.
These findings could lead to new ways to treat human infertility. They will also provide a new way for researchers to investigate PGCs and other cell types derived from the epiblast, which have proven difficult to culture. A cluster of microRNAs expressed early in embryonic development may propel primordial germ cells during their migration to the somatic gonad, according to a new analysis of mice deficient for these microRNAs.
MIR290-295, dubbed the mir-290 cluster, is the most abundant microRNA set in embryonic stem (ES) cells. The cluster is a direct target of the well-known regulatory network (including POU5F1 and NANOG) that maintains pluripotency, and the expression of these miRNAs decreases as ES cells differentiate. The cluster has also been implicated in cell-cycle regulation and DNA methylation in ES cells.
Rudolf Jaenisch and colleagues have now examined the function of the mir-290 cluster in vivo. Expression of the primary transcript was first observed at the 4-to 8-cell stage, and it decreased after Embryonic Day 6.5. Expression of the transcript, however, lingered about eight more days in the germ cells.
The researchers created mice deficient for the cluster, and observed defects in the migration of embryonic germ cells to the developing somatic gonad. For instance, many embryos showed germ cells mislocalized to a position near the developing hindlimbs, and at Embryonic Day 12, most embryos had less than 5 percent as many germ cells associated with the genital ridges compared to wild-type littermate controls.
A frequent consequence of the knockout was early embryonic lethality, but some homozygous knockout mice made it to adulthood. These had a reduced number of germ cells in both ovaries and testes. What's more, the female mice were sterile, with a phenotype that was similar to premature ovarian failure.
In addition to its role in germ cell development, the mir-290 cluster functions in developing somatic tissues: about 75 percent of knockout mice were lost during post-implantation embryonic development, with midgestation defects ranging from developmental delay to localization of the embryo outside of the yolk sac.
Future analyses will parse out the targets of the mir-290 cluster and determine how it affects gene regulation. This work may also provide insight into germ cell migration, a poorly understood process. A new study identifies major patterns in gene expression during preimplantation development of the human embryo and finds the earliest signs of embryonic gene transcription at the two-cell stage.
The scarcity of human embryos has limited the study of their gene expression. To circumvent this problem, Rita Vassena et al. deployed a newly validated method for singlecell profiling, dubbed pico-profiling. The researchers also profiled mRNA expression in single human embryos treated with a-amanitin, an inhibitor of gene transcription; this enabled them to assess which transcripts came from maternally supplied stores and which were embryonically transcribed.
The data suggest that transcriptional activity occurs in three waves during early development. Several genes are upregulated at the 2-cell stage; several others are transcribed during the second wave at the 4-cell stage; and a large number of genes are turned on in a third wave of transcription between the 6-cell and the 8-to 10-cell stages. This last wave may correspond to the major wave of activation seen in mouse embryos at 26 to 29 hours postfertilization. The patterns of gene expression also suggest that the activation of pluripotency-associated genes may occur sequentially.
The researchers observed two major waves of degradation of maternal mRNA. The first is found between meiosis II and the 2-cell stage, and occurs mainly in genes involved in nucleic acid and protein catabolism pathways. Earlier studies in mice suggest that this degradation may be required for the correct initiation of embryonic gene activation. The second wave includes transcripts that decrease gradually over time and comprises a large number of genes, notably those coding for protein biosynthesis and protein and mRNA metabolism.
As is true in mice, the researchers found an overrepresentation of genes in human embryos containing binding sites for the transcription factor SP1 among the first transcribed genes. SP1 expression peaked between the 2-and 6-cell stages, providing the temporal correlation with activation of the genes in question.
The researchers created a public database for their findings, called HumER. An analysis of chromosome behavior in mouse oocytes reveals a possible explanation for the high incidence of eggs with aberrant chromosome numbers in mammals.
For meiosis I to proceed properly, paired homologous chromosomes must achieve biorientation; that is, their homologous kinetochores are attached to microtubules from the opposite poles of the meiotic spindle. Biorientation has been studied in depth during mitosis in somatic cells, where the process depends on pulling forces exerted on chromosomes, which are anchored at the kinetochore and attached through microtubules to the centrosomes; these forces position the chromosomes at the spindle equator.
But different rules apply in the vast cytoplasm of the oocyte, which lacks centrosomes. Instead of centrosomes, the microtubules emanate from a collection of more than 80 microtubule-organizing centers (MTOCs) spread throughout the oocyte that eventually form two poles.
Using 3-dimensional live imaging, Tomoyo Kitajima et al. examined the mechanism of biorientation during meiosis I in ooctyes. They found that the process is very prone to error; most kinetochores are initially attached incorrectly to microtubule bundles. One common error is the attachment of a kinetochore to microtubules from both poles of the oocyte, instead of one pole. Close to 90 percent of all chromosomes undergo one or more rounds of error correction to achieve correct kinetochoremicrotubule attachments before biorientation.
Why the high error rate? One major reason, the researchers suggest, is that many MTOCs are still located far from the poles when the kinetochores start to lock on, leading to incorrect attachment. In addition, the data indicate that kinetochores on homologous chromosomes in mouse oocytes are not oriented back-to-back prior to chromosome biorientation, a mechanism that may facilitate biorientation during meiosis in Drosophila and yeast.
The study provides a detailed step-by-step mechanism for biorientation in mammalian oocytes, which the researchers find occurs in four phases and requires the activity of the B and C isoforms of Aurora kinase. 
